The colour appearance of a stimulus is not independent of its spatial and temporal characteristics. The prints in the graphic arts are both colorimetrically and spatially variable surfaces due to the use of halftoning with different inks. The spatial and temporal characteristics of the human visual system are typically explored through the measurement of contrast sensitivity functions. Contrast sensitivity functions (CSFs) in vision science are analogous to modulation transfer functions (MTFs) in imaging science. The contrast sensitivity function (CSF) is essential for the detail perception and it is one of the main components of visual models and metrics. CSF is a well researched but never the less, CSF has not been widely researched in terms of application in hardcopy prints made by digital printing systems, but mainly on colour displays. The aim of this paper was to determine if there is any similarity between two types of reducing contrast: (1) type C1 where two opponent colours get mixed; and (2) type C2 where the colour saturation is reduced. A group of 15 subjects evaluated a printed test form containing frequency and contrast variable elements using magnifying glass.The results showed that the eye is similarly sensitive to both types of the contrast change. The plots of reducing saturation (C2) showed a similar shape like C1 but had slightly lower sensitivity, especially in the red-green contrast. This can be useful for color difference metrics cut-offs and for designers in determining which details and contrasts do not have to be used as they cannot be seen by the final observer.
Introduction
The contrast sensitivity function (CSF) has been a part of many studies from over a few decades ago. The sensitivity of human eyes was interesting to many areas of science like ophthalmology [1] , physiology [2] , and optics [3] . The eye sensitivity limitations improved color halftoning methods [4] , digital image quality on screens [5, 6] , and the image quality evaluations [7] . The CSF measures the sensitivity of the human visual system to linear contrast as a function of spatial frequency. Sensitivity is defined as the reciprocal value of the contrast threshold or as the minimum amount of contrast necessary to evoke a response. The contrast is not well defined when the contrast threshold or sensitivity is measured on chromatic stimuli that does not contain luminance information. It is known that luminance CSF is characterized as a bandpass shape, whereas the chrominance CSF for both red-green and blue-yellow are low-pass [8] . Generally, eyes show higher sensitivity on the achromatic contrast than on the chromatic contrast for the same spatial frequency. However, for very low spatial frequency content, chromatic contrasts are actually more perceptible than achromatic [9] . M.J. Luque at al. [10] stated in their study that the achromatic filter is peaking around 3 to 4 cycles per degree (cpd), with a cutoff frequency at around 40 cpd, whereas the chromatic red-green and blue-yellow filters have cutoff frequencies at around 12 and 10 cpd, respectively. There have been several studies on measuring chromatic CSFs [2, 9, 11, 12] . Kil Joong Kim at al. [11] measured the frequency range of the sine gratings that varied from 0.25 to 8 cpd for chromatic stimuli. They created the stimuli for following color directions: red to green, yellow-green to violet, dark-green to light-pink, and dark-yellow to light-blue. The stimuli were observed with a natural pupil on the screen set to the mean luminance level. They tried to capture the effect of luminance on contrast detection and their measurements showed a significant drop in sensitivity with luminance, but little change in the shape of the CSF. Hirai et al. [12] measured spatio-velocity for two chromatic CSF at 38.5 cd/m 2 for red to green and at 12.2 cd/m 2 for blue to yellow, all in the range 0.5-8 cpd. The data was used to model chromatic spatio-velocity contrast sensitivity, which will extend the S-CIEL ab quality metric to the temporal domain. Because of the application, the stimuli were observed under natural conditions. The stimuli were measured for a single luminance level. Fairchild at al. [9] measured the achromatic and chromatic contrast on threshold and suprathreshold levels to check if they are similar enough, so they can use the same set of spatial filters for both threshold levels during the measurement of color difference. They used noise patterns for the following colour directions: black-white, yellow-blue, lime-purple, orange-cyan, and red-green. They proved opponent color dimensions orthogonality as very important. Green [2] measured the CSFs at different luminance levels where colored sine-grating was shown on a background of different colors. The viewing conditions were strictly controlled but also differed from normal viewing by following: artificial and dilated pupil, monocular viewing and the stimuli were corrected for chromatic aberrations with lens. The resulting CSFs had a band-pass shape typical for achromatic CSF.
In this paper it was found that there is a similarity between two types of a reducing contrast, the one where two opponent colours get mixed and the one where colour saturation is reduced. The results show that the eye is slightly less sensitive to the contrast change by saturation reduction. The data obtained by the aforementioned research can be used with the appropriate application to the design phase of the graphic arts production. Considering the limitations of the marking engine of the digital printing system, the used materials and the CSF function of the human eye, more appropriate designs can be prepared for printing, regarding chromatic contrast values and spatial variations.
Methods and materials
In this experiment the modified RIT contrast resolution target [13] made for the examination of printing systems, to make chromatic (both red-green and blue-yellow) contrast sensitivity target was used. It was changed by two types of contrast reducing. In the first, the gratings were changed from the maximum contrast to the contrast reduced by mixing two opponent colors (type C1), and in the second the gratings were placed on a neutral (50%) gray background and the contrast was reduced by reducing their opacity (type C2). In other words, the contrast was reduced by reducing color saturation. The aim of this research was to determine if there is any similarity between C1 and C2 types of contrast. Each target is consisted of 10x10 arrays where the lines and the contrasts are varying stepwise over a logarithmic range. The dimension for a single array was 5x5 mm. The range of spatial frequencies was from 0.27-3.42 cpd. There test forms were printed with the resolution of 300 dpi on the printing machine Xerox 5300. For the array dimension of 5 mm, the highest spatial frequency that can be printed on this printing machine is 3.42 cpd or 6.3 cycles per mm.The printed paper was Kunstdruck 115 g/m 2 , both sided matt coated paper from the producer M-Real. The matt surface was used to prevent a specular light reflection. Targets were printed in a horizontal way regarding the direction of printing head movement, in the way that horizontal lines were extending in the direction of movement. The modified test form is presented in Figure 1 . Fifteen subjects, 9 males and 6 females, having normal color vision were recruited to participate in this study. Their ages ranged from 22-35. All subjects were required to have superior color hue recognition ability, i.e. to scorelower than 20 for Farnsworth Munsell 100 hue color vision test. Targets were observed under controlled light D50 in Agile Radiant cabinet, at the same position, using a magnifier [13] of 8x and the results were recorded for the lowest contrast where the subject still recognized the gratings.The observers used a 50% gray mask to isolate the array that was evaluated, to prevent the influence of other arrays. As the targets were seen vary closely under 8x magnifier it caused eye fatigue so, before each evaluation, we suggested the subjects that they close the eye for a moment to arrest retina and avoid "filling in" arrays with lines that did not exist. Since the printed image was made from halftone dots, the subjects had to make a decision about the colour difference using magnifier, not only based on lines but on the dots that made those lines. That made the evaluation more difficult. The method of limits was used for the evaluation because of the types of targets. To present the contrast, we calculated the color difference as in [14] but we used ∆CIEab2000 as recommended by CIE [15, 16] Figure 2 shows a difference in contrast for targets C1, where it can be seen that at greater frequencies the redgreen contrast is more discernible than the blue-yellow, as it was expected. Lower frequencies from 0.27-0.49 cpd showed similar discernibility for both contrasts. At frequency 0.65 cpd the red-green contrast started to show better discernibility. The results even showed slightly better discernibility of the blue-yellow contrast in middle frequencies from ~0.76 cpd until 1.96 cpd where both contrast showed the same discernibility. For frequencies greater than 1.96 cpd, red-green contrast showed remarkably higher discernibility. Figure 3 shows a difference in contrast for targets C2. It is noticeable that the plot is similar to C1, and that this kind of contrast also showed a greater drop in sensitivity for the blue-yellow contrast at greater frequencies than the red-green contrast. Unlike C1, plot C2 showed better discernibility of the red-green contrast than the blue-yellow in the range of lower frequencies. Contrasts showed the same discernibility in four points: (a) between 0.49 cpd and 0.65 cpd, (b) between 0.65 cpd and 0.82 cpd, (c) on the value slightly greater than 0.82 cpd and (d) on the value 1.96. Between the first (a) and second (b) point, slightly higher discernibility had the blue-yellow contrast, unlike plot C1. Between the second (b) and third (c) point, like on C1 plot, the blue-yellow contrast had higher discernibility than the red-green, but with slightly greater difference in values. Comparison between C1 and C2 Comparing C1 and C2 in the red-green contrast, it can be seen that plot lines have a similar shape, while C2 shows reduced discernibility. From the lowest frequencies until 0.82 cpd, the difference between these two lines appears similar. After that point the differences are increasing until 2.55 cpd where they again are very close. The rest of the frequencies show a significantly greater drop in sensitivity for C2.
Results and Discussion
When compared C1 and C2 for the blue-yellow contrast, the results are a little bit different, even C2 still shows lower discernibility. The plots show two points with equal discernibility. The first (e) is between 1.47 cpd and 1.96 cpd and the second (f) is between 1.96 cpd and 2.55 cpd. At frequency 1.96 cpd, C2 shows slightly greater discernibility. After point (f), C2 has a significantly greater drop in sensitivity than C1. 
Conclusion
The contrast is a difference between maximum and minimum luminance in a stimulus divided by the sum of the maximum and minimum luminances. This type of the contrast is called the achromatic contrast. The contrast can also be chromatic when opponent colours (red-green and yellow-blue) are used at constant luminance. A human eye is more sensitive to the achromatic contrast than to chromatic one at high spatial frequencies. The sensitivity of the chromatic contrast is low-pass which means that the eye cannot perceive fine chromatic details.
The main goal of this research was to investigate if there is any similarity between two types of the reducing contrast, the one where two opponent colours get mixed and the other where the colour saturation is reduced.
The results show that the eye is similarly sensitive to both contrasts.The plots of reducing saturation (C2) show a similar shape like C1 but have a slightly lower sensitivity, especially in the red-green contrast. This can be useful for colour difference metrics cut-offs and for designers to determine which details and contrasts do not have to be used as they cannot be seen.
Similarly to real images constructed from a great number of details, subjects needed to make a decision about the colour difference during the observation of halftone dots array. The experiment was conducted in controlled environment with special attention given to frequencies and contrast that subjects reported as problematic for making a decision regarding observing the colour difference.
As opposed to other researches where CRT/LCD monitors were used, in this experiment printed targets were used because we needed the results for a real printed image and not the results predicted by software and monitors.
In future work, the tendency is to measure the same spatial frequencies on greater arrays that can be perceived without a magnifier and to compare the obtained results with the results from this paper. It is also planned to analyze the contrasts obtained in this paper at higher frequencies, and on printed targets as well. The results will be compared with the ones predicted by S-CIE Lab calculations.
